Introduction
Orthodontic treatment is important for aesthetic and functional rehabilitation of the stomatognathic system 1 . The mechanical forces promoted by orthodontic therapy may cause undesirable effects, such as apical root resorption. Genetic disposition and individual biological variability are its main causes 2 , and the most affected teeth are upper incisors and bicuspids 3 . Most resorptions are clinically insignificant; however if achieving a severe level, they threaten the longevity of the affected teeth 4 . Several studies [3] [4] [5] [6] report a correlation between root resorption and orthodontic treatment time. The amount and type of mechanics used are also critical for the presence or absence of root resorption 3 . Root length is usually measured in order to assess resorption, using periapical radiographs taken with the parallelism technique, since they have a higher level of reliability 4, 5, 7 . The assessment of incidence and severity of root resorption is essentially important for the stability and longevity of orthodontic treatment. By applying a more simplified orthodontic therapy, orthodontists reveal the concern to reduce the time of treatment and the effect of mechanical forces on teeth, thus preventing root resorption. In this aspect, this study aimed to analyze through a systematic review whether orthodontic treatment is a factor that influences root resorption.
Methods

Research strategy for identification of studies and eligibility criteria
Studies reporting the incidence of apical root resorption during orthodontic treatment and assessed by periapical and/or panoramic radiographs were selected. The point of the research was based on the PICO strategy. Eligibility and exclusion criteria are explained in Table 1 . It is a systematic literature review performed in the electronic databases PubMed and OpenGrey. The OpenGrey database was used to search the "grey literature" in order to avoid potential selection bias. The following descriptors were selected with MeSH: "Orthodontic Appliances", "Root Resorption", and "Tooth Movement." The Boolean operators AND and OR were applied to make the combinations.
Titles and abstracts of the identified studies were selected by two eligibility reviewers (L.F.N.B. and A.P.B.L.) working independently. Reviewers were not blinded to the names of authors and journals. The research was performed on December 13, 2014. Table 2 shows the search strategy used. Titles and abstracts were systematically assessed. Studies rejected in this stage or subsequent stages were recorded in the exclusion table. When studies that were preliminarily included presented insufficient data in the title and abstract for making a clear decision, their full texts were obtained and assessed to determine whether they included all eligibility criteria. If there were questions about study data, the authors were contacted by e-mail for clarification.
Individual quality of the studies
The full texts of all eligible studies were assessed by methodological quality, through the checklist based on 8 criteria, adapted by Cericato et al. 
Data extraction and analysis
After screening, the full texts of selected articles were re-analyzed using a standardized data extraction sheet, in which authorship, publication year, sample qualification, age, objectives, results, and outcome of the studies were verified.
The process of data synthesis was performed through a descriptive analysis of the studies selected after the previous stage, and the final product of the analysis was presented in narration/ dissertation form.
Results
Research strategy and individual quality of the studies
The initial search resulted in a sample of 77 records in PubMed and OpenGrey databases. The main reasons for exclusion were studies not directly related to the primary outcome of the present study (n = 56), clinical case reports (n = 1), literature reviews (n = 12), and editorials and/or letter to the editor (n = 2). Thus, the sample included a number of six articles, as shown in Figure 1 . In assessing the quality of studies, performed according to the aforementioned criteria, no article failed to be considered methodologically as "low quality" (0-4 score). It is worth mentioning the following important characteristic that was evident in the eligible studies: from the six selected articles, only one 7 commented on ethical criteria involved in the research. (2009) assessed root resorption through periapical radiographs, and Jiang et al. 4 (2010) used both radiographic techniques to assess root resorption. Although 48% of central incisors in the present study present root resorption at T2 (end of the alignment and leveling stage), only 33% of affected teeth tended to increase root resorption at T3 (end of treatment). For lateral incisors, the rates were slightly different, and 62% presented root resorption at T2. In addition, 38% of these incisors presented root resorption at T3, Both were compared to T1 (beginning of treatment) (p <0.001).
Included studies and intervention effects
The torque stage in the TipEdge™ appliance is accompanied by the same amount of apical root resorption in maxillary incisors as other tooth movements in the orthodontic treatment. 
±14.5
To compare the length of root resorption of maxillary incisors during different orthodontic movements.
Radiographs were taken after the leveling stage in groups 1 and 2, and group 3 -beginning of treatment (T1). The p values were 0.056 (groups 2 and 3) and 0.0925 (groups 3 and 1). There was no significant difference of root resorption intra and inter-groups.
Regardless of biomechanics or technique used, apical root resorption in maxillary incisors has no statistically significant difference, and no correlation with age and gender of the patient.
Jiang et al. 4 (2010) China* 96 participants 34 ♂ 62 ♀
9-34
To assess root resorption before and after orthodontic treatment.
The statistical analysis revealed no significant difference between genders for resorption at T1 and T2 intervals. However, in the extraction therapy at T2, the difference for therapy with no extraction presented a statistically significant difference (p = 0.000, p <0.01). Consequently, the time of treatment with the extraction therapy was longer, which showed a statistically significant difference (p = 0.036, p <0.05).
Age, extraction therapy, and treatment time have close relation regarding apical root resorption in orthodontic treatment.
* Country the study was performed. ♂ = Male gender. ♀ = Female gender.
Source: authors' elaboration.
Some studies 3, 5 claim that treatment time directly influences level of resorption and therapy used. Upper incisors showed greater resorption (60%), followed by lower incisors (20%) 3 
.
No level of influence of external factors, such as age, gender, dental position, and time of treatment was statistically significant on root resorption 5 . Periapical and/or panoramic radiographs were used to predict and anticipate possible root resorption of higher intensity 4, 6, 7, 9 . Ramanathan & Hofman 9 (2009) radiographically assessed root resorption after fixed appliance bonding (T1) and after intrusion and retraction (T2), and found more root resorption in the intrusion and retraction stage when compared to other stages of the treatment.
External root resorption, measured in millimeters over a period of 12 months, confirmed to be greater in upper incisors (11.1 mm for central incisor and 12.7 mm for lateral incisors) when the treatment plan required tooth extractions 6 . The Tip-Edge ™ appliance (Appliance TP Orthodontics, La Porte, Indiana, USA) at T1 (baseline) presented the length of 13 mm for central and lateral incisors, at T2 (after the alignment and leveling stage) of 12.1 mm for central and lateral incisors, and at T3 (after torque stage) of 11.6 mm for central incisors and 11.1 mm for lateral incisors 7 .
Discussion
Root resorption in permanent teeth is potentially a scar from orthodontic treatment. Opinions among researchers about the incidence and severity of root resorption assessed during orthodontic treatment are divergent. Root resorption appears to be multifactorial, combined with mechanical effects and a genetic disposition of the individual. Faced with different statements, this study became necessary to clarify whether orthodontic treatment influences dental resorption.
Nigul & Jagomagi 5 (2006) state that root shape is major for root resorption. It is characterized morphologically and radiographically by a root apex rounding; however, it may present itself in varying levels 5 . Most root resorptions are clinically irrelevant, but if severe, they may influence tooth longevity 4 . Panoramic and periapical radiographs were used by authors [3] [4] [5] [6] [7] 9 to assess root resorption and its relation to orthodontic treatment, although some authors 4 state that teleradiography is the technique with the best location method to compare root length before and after treatment.
The use of panoramic radiographs to assess root resorption and shape presents a few negative points. The use of this technique may maximize the length of root loss by 20 percent 4 . The study described by Apajalahti & Peltola 3 (2007) used the measure of root length, and pre-and posttreatment, instead of measuring absolute values of apical root loss. Incisor angulations may change during orthodontic treatment, which may interfere with the measurement of root length in the radiographic image; however, in the panoramic radiograph, buccolingual inclinations intervene in root length only by a limited range of 10 mm, which when interpreted, causes a difference of only five percent 3 . In the study by Jiang et al. 4 (2010), the authors state that there was no statistically significant difference in root resorption between men and women. Nigul & Jagomagi 5 (2006) found that men present more root resorption, but with no statistically significant differences. Adults had more root resorption than children, but the results were not statistically different 5 . Intrusion and retraction, whether performed simultaneously or consecutively, do not affect root length 9 . The authors state that the most causal variable of root resorption in this movement would be the force applied, suggesting that 10 cN per incisor would be ideal. They suggest these claims should be substantiated by further studies 9 . Although torque is not the only causal aggravating factor to root resorption, it needs to be considered Orthodontic treatment with dental extraction is favorable to root resorption and the pattern of extraction was a significant factor. Orthodontic therapy with four extractions of the first bicuspids presented more root resorptions than patients treated with no extractions 5 . In the study by Jiang et al. 4 (2010), only anterior and mandibular teeth had a statistically significant correlation with root resorption and extraction.
Patients with longer treatment time presented a higher level of root resorption. The mechanics employed in tooth movement is also a determining factor 3 . Potential for root resorption tends to vary among patients treated orthodontically, whereas it occurs in a varying level in teeth of the same patient. Individual biological factors, alveolar shape, bone density, vascularity, and tooth structure may explain these characteristics 3 . Root shape directly influences the level of resorption. The resorption of small, torn, and pipette-shaped roots is almost twice than for other root shapes 5 . The authors found no association between root resorption and previous history of trauma 5 . Further studies with a larger sample and better definition of the study groups are required to increase the strength of this evidence.
Limitations
A clear limitation of the study is the genetic disposition and individual biological variability of each patient treated orthodontically, considering it may or may not cause root resorption, regardless of the number of predisposing factors 2, 3 . There may be bias in sample selection when determining an orthodontic therapy with less time (with no extraction) 4, 5 , since the level of root resorption will be reduced. Another limitation would be the uniformity of the analyzed teeth, in which some authors of this study 5, 6 state that incisors are more prone to root resorption. The therapy 3 and force used in tooth movement is a variable to be considered 9 . The adequate force used for orthodontic movement without generating iatrogenic root resorption is still uncertain, and new studies should be performed 9 . Developing more uniform studies with similar therapy is required, as well as analyzing numerous brands and models of orthodontic appliances, along with various techniques described in the literature.
Conclusion
All studies showed that individuals who were subjected to orthodontic treatment are likely to present root resorption, thus, there is a relationship between root resorption and orthodontic treatment. However, the heterogeneity of the eligible studies was evident, and therefore this conclusion should be interpreted with caution. 
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